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(57) («JE#) 
[JBfc^S] Nd-Fe-B 7^7 7^^^!^ 

«±<iwa«i«f tnwsa*tf at > . sb»*si * fc«*©s 

S. »6hfc»±*k&»E**tttt. Net Fe, , B tpJatB 
£ Fe, -B tB i % W L/ . *»0 Fe 3 B tB©tftg# 5 0 nmW 
T. Nd,Fe 14 Bfe^BiFefgi5:WL. *>OFe 

*B©&&# 5 0 nnfelTt?* 5. 
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nmm 1 ] Nd-Fe-B rw? y x^£;rsi4#x 

CIt*^2 ] Nd-Fe-B 7*^7 r *€&ZmmhX 

4 £W U fcOFe, m®%LWfl 50nm«Tr* Zffim. 1 

KK«©*±B*A«5tm. 10 
[11*53 ] Nd-Fe-B 7*;U7 t X^^fKOaL/t 

»6*l**±3H*^«Btm* s H(t Fe,« Bftfiffi£ Feffl4 
£WU d^Fet@©iKS* 3 50nmWTr*l>II*Il 1 CCle 
«©#±»kA«5*m. 

[H*«4 ] Nd-Fe-B 7*;U7 r *££**ritt#* 
#H^4> 0 < liXStf -CMftH OttJMtr * C iCCto 

MS?: 3 TJ£Lk©HWW»t:fT5 C i%^ill<bTS^±S 

[«*S5] Nd-Fe-B T^fls? rX^^iftiLT 20 

ft e.nsNd.FcBigstBiNd'; v mtz^?z>%t±M 

lflljJt#Nd U.~15at%, B 2~10at%, J£gftft*Fe*>£ 

fto. awaasffi** 6oo~ soo-c-eabo, 

ffl* 3 T«±©a»*"CfrS C 4 £^8*4? ^*±«7X 
A»Etm©W8DSf8c. 
[M#Jg6 ] Nd-Fe-B 7**7 t X£££fy<!jai,T 
ff 6 ft 5 Nd, Fe, , B& JMB 4 Fe, Bffl 4 £ #T 5 *±jfck* 

**Nd l~lDat%, B 10~25at%, S£S|S#Fe#>6£c 30 

ftemmsufi 5so~ soo'c-cfeo. *>o±ssftj!ia 
«B*m©ttsm 

[HW0S7] KkM^B 7*.>^7y;*£££$$lab-C 
^# £ft £ Nd, Fe, , Bit JMB4 Fetai Sr*^ Z%±Mik!k® 
EtiWDSmU&tCis^-C. 7**7 r X-&£P>fflm 
Nd l~lOat%. B l~5at%, ^Wfif^PhW . 
gftjraiag* s 550~ 800"C-C*0, #>o_hf2$i#iS£ 3 
T6Lh©««M»-CtT 9 C 4 *#atr S#±»icAJBS 

tm««a*ife. io 

[000 1] 
[0002] 

[fifcfcO&ffi] Nd-Fe-B ttEttM>&N&tt&*U S 
fcSB*«ffiKJt«Ortt»ax I- jWSI»C 4*»6SS# 
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S„ Nd,Fe,,Bj:i5 k^Nd, BjifJ&iffi&T'^JgL/c^ 

u $6«:ffis-cB#»a-r4c4(c < fco^iS!as4T 

i. »um©»»*8^B*S*3C4K:J:98ffc8 

i^-tffittm ra*tt*»fctt s c 4 *tc* & 

(M.Saqawa et al, Japanese Journal of Applied Fhysi 
CS 26(1987) 785 ) . ffcS, l&5*M©$il£[5|fsP - 

*±«c?K* HI L T $ i, J * r ^ <fc o 

£>Bf!^£ft"Cl>£ (R.W.Lee, Physics Letter 46(1985)7 

90% 4) . c fttcttZ-?© £ A 9 , -ott^H 
T4fe©-C. ji^MQl 4n?«ns. MQl«Ig*s©#-C 

**«»©©. «fts«*#-#iaiK»to-j***tt-c. *» 
tt« ttfcJ>MWH»**©***9 h 7 uxor ^^14 a 

Jl-i'6aiS4-r'2>fe© (M32) . MQ2{CS6>K^-C^tt 

jm**w»E*i»iicsaffcss*i*jiiA**>© (mq3) 

«fcOS^tt*> KB54f -53Erffifc«#Stiri»S«s v 
Xfi*%i*-C^T-Ifl3X r#if6< . S4^4I^lb 
KSo-Cl»«rt». «±©J:9(C. ffi&ME-PMi3 ©J: ^> 
ttM*tt^JW*585«:*tU. ^> K«5Bmq1 ©«frtt 

SBEE*^H^:^<!^ra35Fttat5©a^»*«jitlr^>te. cn 
«Nd-Fe-B srtt^ a >3 y b ^mumE*®& b tc 

[0003] cn«:*fL/. £&*jmifztpmm?2> 

C 4 {C «t *) Nd, Fe a . BSRilta^ft:*f#5^S*!ia»S ti 
(T.Takesita et al.Proc.lOth Int.Vtorkshop on Rar 
e Earth Macjiets and Their Applications .Tokyo, (198 
9)399) . C©5jffi«7j<^{b(Hydroqenation) , t@;»JS? 
(Disproportionation)> Jtt7K^{b(Desoir>tion), ffl&a 
(Recombination) 4l^j§g*SJB^aED-SC 4^6. HD 
DR7'n-bX4»f{inr(^. $e>tC. Co. Ca. Zr, Hf% 

Z>. Cti&*) Nd-Fe-B JfiJC*Jl»t:SI*tt*WrSjK> P 
C 4*JBjSgK% C©3Jffitttt«« 

T*&o&4©fvf ? h *>wrs. 

[0004] — 7ET. 3 6ft**tttt©»1S«W58Slt*J 

Hftri^ (E.F.Kneller et al.IEEE Transaction Map 
netics 27(1991)3588 ffe) . ChB^-Flttliy? 

9. Wa©eib^3c^BSfPffl-C*gcJ : l7< CiiU^T 

y7 hffloiwtfctssKSfettr. ^a-c*-^- 
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Wc<fcoT«^£»ft5c£ft<. J:D*^fiWttfi: 

*»6*l*l5tttt#*S. H#T» Sr*Co 17 N i /Fe-Co 
CCfc^T. S#tt{tr**ltf(BH).., = 137MSOe©{!£ 
?#6ft£C£#$R££ftTt>£ (R.Skomski et?al,Phys 
ical Review B 48(1993) 15812) . 
[0005] 

[»W#JB«LJ:5i««B] Cti*-CjBWCN*Fe 
nB/FejB (R.Coehoorn et al, Journal de Physique 49 
(1988)C8-669 ) , Net Fe, 4 B/ Fe (43B3¥7 - 1 7 3 5 10 
0 1 «f8B¥7 - 1 7 6 4 1 7^&ffl*\ L.With 

anawasam et al, Journal of Applied Physics 76(1994) 
7065ft £) SmjCoxyNj/Fe ( J. Ding et al journal o 
f Magnetism and Magnetic Materials 124(1993)Ll) ft 

J %~X)ITUJ># (MA) ffitc<fcof#e>n 

&*&#K6h-a>3. L#>Lc:©#j£r{i, MQl<t[Hj 
D<)£«P B #{^^ 20 

senr, ii^«5<3t«ai^«c«Rtffti^ c©£ 

[0006] 

%M&?ZtclblcmMmibtc&^ Nd-Fe-B y^fov 
r 3 T«±o»«»*rJWM6fif tr* CiCC 

%*R9!©Batt* Nd-Fe-B 7^7 7 Xp4^:>R5tt 

©®i#* rtf 5 #±^X$Gttf4©t^aK ft * . 
Sfc93»1 2 tt, C©*±3R*^ae*m^N4Fei 4 BlS 
BtB<t Fe 3 Bffli £WU ^OFe, BW©&&# 50nm«Tr 
&Zft±m&WE#ttXi>Z. lft*B3tt k C©#± 40 
»k^»5tm*JN4 Fe, ( B&StB£ FetBi L , 

F4B©ttS*s sonmWTrft i*±»*X«5tmr * 

So 

[0 007 ] »Sc3B5 tt, Nd-Fe-B 7^7r^ 
*#BIUCl96*lSN* Fe^ESg^tBiNdV 

yX^£©|fij£#Nd ll-15at%, B 2-10at%, £| 

8W*Fefr5ft?K (Weaaaw eoo- 800"Crft9, *» 
*W6». Hlfe k <&&BtFe a m£im?h±Hft± 50 
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<DfifiJ»*Nd l-10at%, B 10-25at%, gJSttSFefr 
6*0. 8MSIiBK# 550- SOO'CrftO, ^oJifB^ 

am* 3 T&i±.<D®m*xft5 *>©-cft& 0 mnmi 

te, Nd, Fei« tfSStBi F«*B£*«*S±iE#±«7lc&« 
ttm<DMl£%mtte^X , r^toV r XG&<DlBJ$,tt 
Nd 1-I0at%, B l-5at%, «S#Fefr6ft(K 

«yeaiaa^ 550- scxrc-c&o, *»o±iB«y»ffl*3 

[0 00 8 ] 

JKWHt ft * Nd-Fe-B s»afflf» 

ttir, *&g*«^£££fti>fe©<t-r3. awsa* 
«c*c»r c ft orta^JBfT*©^ m 

*K<fcoTi^StfSC£#*U>. 4>ft<£«>X«B 
ffr«SSt-^3WJSSnftl^K^5ji«*i*-5. 
c:©/ci6(c:«[pIlKn-;biig^ 30m/sect(±tC^ti«J; 

[0 00 9 ] JflfiSttNd^li'-15at%, B#2 -10at%, 

»w*Fe4-r*©#a*u\. cft6<D«H*tt-r*is 

tfl»ft««M*tt#»«c<t>. t©ffl. BKMSttfcMfc 
NdtD-f8*Y*f6©#±3H7C5RrKlftL/ 
/cO, Fe©— 8P*Gc\ Ni, Cu, Zn, Ga, Ge, Al, Si, S 
c, Ti, V v Cr, Nh, Zr, Nb, Mo, Tc, Ru, Rh, Pd, A 
g, Cd, In, Sn, Sb, Hf, Ta, W, Re, Qs, Ir, Pt, A 
u, Hg, Tl, Pb, Bifc£©7E*r«»Lfc9 LX&& 
l>. £tcB<D-%$%CXm&LX<b£l\ CCDt^miM 

tt5a««T^a*l/l^ Pr«30at%^@^.rfeJ: 
C^o FdC»-r4fflWtt5at«etT, BCC^-r^^fi 
ttl0at%«T#S* U> 0 

tNct Fe 14 BtB©ilHW:^50at%W±©Nd^^ONd l J ^ 

«**»<ttiffl«&S"r&. M«uias» 600- 8oo'c 

3^»*0<. S6tC»*Lt^©« 650-750 °C©®Hr- 
ft taK^C tl <fc 0 ffil> i Nd, Fe, 4 Bffi*SS H B H f t U ft*» 

^fcO, a^WfflLfcDtr^ftSB«»tt^»«:< 
t;<a«Fft^tt*^c<^. 

[0011] *«9B©«*©S*tt 4 C©^«^3 T 
«±©^ii*rtf 5 CiCC<^0v tfrffl U^Nd, Fe, 4 Bffl 

©»fbg^W^-^«^rs*t4©S5Wf4^f#-S 
Ci^cfta. ®ii*^@IOc:J:a 7 x^S©®« 

a*tt©»3ltt. r^^3»efti*©«fttjs^r-rr 
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«fflt**l/#fiiUfc», rtH«rffi*»iLSfc«> 950'C 
txm&bxfch. 900- zoo'COffl^r 0.1-2 °c /se 
c ©?»jMrco.isTeu:©a»*r»«-r*. 



* fcfc^Ttt, Net Fe, , m<D*r * V 312*C<h*SH{b 
TttC©S^^fi»r/jN3«i:aWb*3&«IHafO k *JE 

fiawccj:orss«i*^fpfla-r4 (Ream, mnx¥£w 

vZXWftk MAG-96-214(1996) ) . Mit^X* 

¥lr3WRK#bXtm*hWto f - ttTS ( 1 > OJ: 



f« = (z-Zo ) • (H//i. ) • OH/3X) 



(1) 



ow, Ma raKSSia*. aH/ax»*c[)«jH(4Br 

tit fifeBfROISfi*fiW-*fil«:»(r\ tttb&Btttf 

*bfeEn»™H%^b3#5c iccioaM^aBiSWP 

»4ffo/ctt*. H=3T«±(D«^ £l&L/cN4Fe 20 
, 4 BtB*CEfi©«fl#jI.e> ft* C i 4Mtfc L/c e 
[0 0 1 2] #»Btt, N4ftt 4 BHi*KWR»y7 h 
*B#«HJ**:r>'3>tf^y htmfcfc0afc»8-C* 
6. AftWGt&Fe, Bffi fc b < ttFetH^Nd Fet < BfB <t i 

TT*^J:^^W4"C*^ fl Nd 2 Fe 14 B/Fe 3 B^yr3>,i< 

B#10-25at%. j«S4te<br*(D#S*U>. V 
7htBWfflO&t»»^CCj:b^ThlcI*S^&<, B#£< 

I^Fe^fc/Fe^n httf4 30 

CWtett, WM)&£N^l-10at%, B#l-5at 

8BU*Fei-J-4©3WI*Ul>. C®fflJSRttB*Wil> 

*»c±if cft&<DttH«cotvcfc«st 
1^4®c»»5fctf>fc. Nd©-»*Y^ffiflM&±a7C 

FeO— SPSrCo, Mi, Cu, Zn v Ga, Ce, 
Ah St Sc. Tk V v Cr\ Mn. Zr\ Nb. Mo v Tc Ru. R 
K Pd, Ag, Cd In, Sr\ Sb, Hf\ Ta. W, Re, 0s v I 
r\ Pt, Au, He* Tl, Pb, Bi& £<Djtmvm.&Vtc 0 U 

rui^ *fcB<D— »4cr«ftLT6J;^. c<ot 40 
#t8J^^"rafS<bftfO»^b©fiT*JS</c«>. g& 

[0 0 1 3] ^-/n>#i/-, MtfBrtt, ^-KfflONd 
, Fet .BiV7h tB<DFe 3 B*> b < « Fe£ 

SiLK *©fc#jftj&afiffitt 550- SOO'C, JrOW 

*u<» 600- 7oo'ciig£-r^cD^m^ tftioa 

BDWSH £ Nd 2 Fe» , BtB^ttSfb b ft* o/c t) , Nd, Fe, 3 B 



3 *NdF^ a ^&£*<D!S^tB^tfiaL/cOl/TajlfttBBE 

AWfi9I^N» 10 l -10 4 sec(D®H<?:L, ^Siig 

Him HU^O<fc 5 H = 3 TO±©SSSBM*Tf f 5 C £ 
C^ofc 0. ftflfrSN4F ft4 BjBCCEfii©«|fi|%Bfflrc<k 

[0 0 14] 

(*J60J 1 ) *$g99%«±(DNd, Fe. B S*|S«:3te«20 

»8CT^-^fe^b0/ct>©*, Hi. Sim *»J7^©* 
^5IfrtrML/cfl «±»J:>}ArftlELrQ4H 

47.5m/sec ilfc »6htettf4ttQiK a«FttX3KCC«t 



S08BEWH. «5T£L/c 0 9fJEatt«cfiB*3ti, 3 6CC 
S^gtC 200TorrMEAr*fAL/r4oC^c±iar^^7T 

ta&ftbxfrh* TktpicxM&btc nhfitam^ 

\,*XCuKa%mxmMVr%ft^tt±C6. u^Fe,,m(0 
tr-^jwassnfc. *^t«»l/fcK»»**i4kod» 

O'Sit^^ CC 20k OeBmAD L t * CDiSf b©A * 3 © 
Bl^cj:^, K8©S*tt**J3eUA:. SHC, VSM 
2>mS.l5faM<t<Dj:Z 2 In *W«ftWkO 
I , r*ltS{bb/cfii I „ / 1 p i„/i 
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f¥tt*M (at*) 
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/ 
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Nd 


Fe 
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Co 


SI 


T.ra 


H.rn 
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1 3. 3 


80. 9 


5. 8 






680 


5 


0. 34 


IS 
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1 3- 3 


80. 9 


5. 8 






660 


3 


0. 55 


m 


3 


1 3. 0 


78. 5 


5. 5 


2. 5 


0. 5 


650 


5 


0. 32 




4 


1 3. 0 


78. 5 


5. 5 


2. 5 


0. 5 


700 


3 


0. 5 1 


it 


1 


1 3. 3 


80. 9 


5. 8 






7 1 0 


1 


0. 96 


« 


2 


1 3. 3 


80. 9 


5. B 






730 


0 


0. 96 


01 


3 


1 3. 0 


78. 6 


6. 5 


2. 6 


0. 5 


660 


1 


0. 96 




4 


1 3. 0 


78. 5 


5. 5 


2. 5 


0. 5 


690 


0 


0. 96 



[00 16] 0»WU2~4. Jfc«Wl~4) SlKm &Htt<E)#&aft4®fl«effr>fc. TEMti 

[0 0 17] (SS&fe0ij5~~8. tt$M?!l5-8) Si2(C7n 



micj:*). mm 5 ~ 8 ®tm\t ^-r n & Fe, , bs i 

£ fcKFe, B&HtlSrfc- U fr^Fe* BtlfMBSOnrntTF"? 
*SCi*«Bl,fc. «2KVSMW5EIS**^. 
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6 
7 
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4. 0 
4. 0 
4. 0 
4. 0 


78. 0 
78. 0 
75. 0 
75. 0 


18- 0 
18. 0 
18. 0 
18. 0 


2. 0 
2. 0 


1. 0 
1. 0 
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650 
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5 
3 
5 
3 


0- 58 
0. 7G 
0. 54 
0. 70 
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t£ 
09 


5 
6 
7 
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4. 0 
4. 0 
4. 0 
4. 0 


78. 0 
78. 0 
75. 0 
75. 0 


18. 0 
18. 0 
18. 0 
18. 0 


2. 0 
2. 0 


1. 0 
1. 0 


7 1 0 
730 
660 
690 


1 
0 
1 
0 


0. 97 
0. 97 
0. 96 
0. 97 



[0019] (mMm9-l 2. it$£W)9~l 2) ^3 *t?*£C ££5ti8t/fc. &3 (CV SMfflJS&UfcTjVf . 

mms. ■ wm^mms&t u sant^a 1 ~ 3 <t 0 , jtg&w 1 ~ 1 2 -c»t,>-rnfcs»4o 

^«S)EttM 1 tra*©*tt-Ctt|SKDff«*(f ofc. T E [0020] 

MH^iCjrip. jS5S^9~l 2<06CSrtt > ^-fft&Nd [*3] 

, Fe, , m £ *«c F^mmm t . ^Fetifa&ttsonmWT* 
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No 
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Nd 


Fe 
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Si 
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H.O) 
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10 
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8. 0 
7. 0 
7. 0 


88. 0 
88. 0 
88. 3 
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4. 0 
4. 0 
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1. 0 
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0. 6 1 
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7. 0 


88. 0 
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88. 3 
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4. 0 
4. 0 
3. 5 
3. 5 


1. 0 
1. 0 


0. 2 
0. 2 


710 
730 
660 
690 


1 
0 
1 
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0. 97 
0. 97 
0. 97 
0. 96 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Nd-Fe-B Rare earth permanent magnet ingredient characterized 
by heat-treating all over the magnetic field beyond 3T, and the obtained 
permanent magnet ingredient having a magnetic anisotropy to the 
direction of a magnetic field, or its perpendicular direction in case an 
amorphous alloy is heat-treated in an inert gas ambient atmosphere or a 
vacuum and it crystallizes. 

[Claim 2] Nd-Fe-B Rare earth permanent magnet ingredient according to 
claim 1 whose particle size of Fe3 B phase the rare earth permanent 
magnet ingredient which heat-treats an amorphous alloy and is obtained 
has a Nd2Fel4B crystal phase and Fe3 B phase, and is 50nm or less. 
[Claim 3] Nd-Fe-B Rare earth permanent magnet ingredient according to 
claim 1 whose particle size of Fe phase the rare earth permanent magnet 
ingredient which heat-treats an amorphous alloy and is obtained has a 
Nd2Fel4B crystal phase and Fe phase, and is 50nm or less. 
[Claim 4] Nd-Fe-B The manufacture approach of the rare earth permanent 
magnet ingredient characterized by performing the above-mentioned heat 
treatment all over the magnetic field beyond 3T in the manufacture 
approach of obtaining a rare earth permanent magnet ingredient by heat- 
treating an amorphous alloy in an inert gas ambient atmosphere or a 
vacuum, and crystallizing. 

[Claim 5] Nd-Fe-B It sets to the manufacture approach of a rare earth 
permanent magnet ingredient of having the Nd2Fel4B crystal phase which 
heat-treats an amorphous alloy and is obtained, and Nd rich phase, and 
the presentation of an amorphous alloy is Nd. 11 - 15at%, B 2 - 10at%, 
the remainder consists of Fe and heat treatment temperature The 
manufacture approach of the rare earth permanent magnet ingredient which 
is 600 to 800 degree C, and is characterized by performing the above- 
mentioned heat treatment all over the magnetic field beyond 3T. 
[Claim 6] Nd-Fe-B It sets to the manufacture approach of a rare earth 



permanent magnet ingredient of having the Nd2Fel4B crystal phase which 
heat-treats an amorphous alloy and is obtained, and Fe3 B phase, and the 
presentation of an amorphous alloy is Nd. 1 - 10at% B 10 - 25at%, the 
remainder consists of Fe and heat treatment temperature The manufacture 
approach of the rare earth permanent magnet ingredient which is 550 to 
800 degree C, and is characterized by performing the above-mentioned 
heat treatment all over the magnetic field beyond 3T. 
[Claim 7] Nd-Fe-B It sets to the manufacture approach of a rare earth 
permanent magnet ingredient of having the Nd2Fel4B crystal phase which 
heat-treats an amorphous alloy and is obtained, and Fe phase, and the 
presentation of an amorphous alloy is Nd. 1 - 10at%, B The manufacture 
approach of the rare earth permanent magnet ingredient which the 
remainder consists of Fe 1 - 5at%, and heat treatment temperature is 550 
to 800 degree C, and is characterized by performing the above-mentioned 
heat treatment all over the magnetic field beyond 3T. 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the rare earth 
permanent magnet ingredient which has an anisotropy, and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] Nd-Fe-B A magnet has high magnetic 
properties, and since ingredient cost is low as compared with Sm system 
magnet, need is growing. This permanent magnet will be roughly divided 
into two, a solution process and a quenching method, if it sees from a 
viewpoint of a process. The approach current but industrialization are 



progressing with the sintered magnet is a solution process. After 
fabricating the alloy which dissolved by the presentation a little with 
Nd and B among grinding and a magnetic field, it sinters at the 
temperature near 1100 degree C, and considers as a sintered magnet by 
carrying out aging treatment at low temperature further. [ more 
superfluous than Nd2Fel4B ] By carrying out orientation in a magnetic 
field of the several micrometers fines, an easy axis can be arranged 
with an one direction and an anisotropy can be given (M. Sagawa et al 
and Japanese Journal of Applied Physics 26 (1987) 785). On the other 
hand, the approach of producing a quenching thin band and producing a 
magnet based on this by the melt span method for blowing off and 
carrying out high-speed coagulation of the molten metal of a magnet 
presentation on a roll kneader, is also developed (R. W.Lee, Physics 
Letter 46 (1985) 790, . etc.). There are three types of these, and one is 
mixed [ resin and ], it fabricates what ground the quenching thin band, 
considers as a bond magnet, and is usually called MQ1. Although MQ1 is 
easy a process, an easy axis is not equal to an one direction, and since 
pack density is low, magnetic properties are inferior [ it is isotropy, 
and ] in it. Other two perform plastic working to what carries out the 
hotpress of this quenching thin **** as it is, and is used as an 
isotropic bulk magnet (MQ2), and MQ2 between heat further, and they 
arrange an easy axis in the application-of-pressure direction (MQ3). 
Although how to grind MQ3 and use as an anisotropy bond magnet resin, 
mixing, and by carrying out magnetic field shaping is also reported, a 
process is very complicated, process cost is high, and it has hardly 
resulted in industrialization. As mentioned above, the isotropic magnet 
of MQ1 of the bond magnet was behind in development of an anisotropic 
magnet by most to the sintered magnet or an anisotropy bulk magnet like 
MQ3. This is Nd-Fe~B. By the system, it is because coercive force 
degradation when grinding an alloy ingot and a sintered magnet is 
remarkable. 

[0003] On the other hand, the method of obtaining the Nd2Fel4B 
microcrystal aggregate was developed by heat-treating an alloy among 
hydrogen gas (T. Takesita et al, Proc. 10th Int. Workshop on Rare Earth 
Magnets and Their Applications, Tokyo, 399 (1989)). This approach is 
hydrogenation (Hydrogenation) , phase decomposition (Disproportionation) , 
dehydrogenation (Desorption) , and recombination (Recombination). Since 
the process to say arises one by one, it is called the HDDR process. 
Furthermore, an anisotropy arises to the powder obtained by adding Co, 
Ga, Zr, Hf, etc. It is Nd-Fe-B from this. It became possible to develop 
the bond magnet which has an anisotropy in a system. Since this approach 



is comparatively easy, current research is done briskly, but the 
hydrogen atmosphere heat treatment with application difficult for the 
nano composite material which the diameter of crystal grain is large a 
figure single [ about ], and is later mentioned compared with a 
quenching method also has the demerit of being unable to carry out [ the 
different direction ]-izing without an alloying element, moreover 
activity danger, such as explosion, is high. 

[0004] On the other hand, while next-generation magnet retrieval of the 
further high performance is performed, the nano composite magnet 
attracts attention in recent years (E. F. Kneller et al and IEEE 
Transaction Magnetics 27 (1991) 3588 others). This consists of an 
organization where the hard magnetism phase and the software magnetism 
phase carried out detailed distribution to dozens of nm order, and by 
the exchange interaction, by Lycium chinense with an epilogue, 
magnetization of a bi-phase is not easily reversed and serves 
magnetization of a software phase like a single hard phase as a whole. 
Higher saturation magnetization may be obtained also in the combination 
of the existing ingredient, without spoiling coercive force by this. By 
count Sm2Col7N3/Fe-Co It sets, and if-izing can be carried out 
[ anisotropy ], it is reported that the value of (BH) max =137 MGOe can 
be acquired (R. Skomski et al, Physical Review B 48 (1993) 15812). 
[0005] 

[Problem(s) to be Solved by the Invention] Actually until now 
Nd2Fel4B/Fe3B (R. Coehoorn et al and Journal de Physique 49(1988) C 8- 
669), Nd2Fel4 B/Fe (JP, 7-173501, A and JP, 7-176417, A — ) L. Withanawasam 
et al and Journal of Applied Physics 76 (1994) 7065 etc. and 
Sm2Col7N3/Fe (J. ) [ Ding et al, ] [ Journal of Magnetism and Magnetic 
Materials ] The laboratory report of the combination, such as 124 
(1993) LI, has been carried out. as the production approach of a detailed 
distribution organization currently performed by these researches — the 
melt span method and mechanical alloying (MA) — means to heat-treat and 
microcrystal-ize the amorphous alloy thin band and powder which were 
obtained by law are taken. However, since crystal orientation does not 
gather as well as MQ1 by this approach, only an isotropic thing is 
obtained magnetically, but it is less than the magnetic properties of an 
anisotropic magnet. Thus, there is no report of an anisotropic magnet 
until now with the nano composite magnet in which the magnet produced 
based on the quenching thin band takes a complicated process to consider 
as an anisotropic magnet, and a hard phase / software phase carries out 
switched connection. 
[0006] 



[Means for Solving the Problem] the result wholeheartedly examined in 
order that this invention persons might solve this problem — Nd-Fe-B By 
carrying out heating crystallization of the amorphous alloy all over the 
strong magnetic field beyond 3T, the permanent magnet ingredient which 
has an anisotropy was seen obtained, it was, a broth and terms and 
conditions were established, and this invention was completed. That is, 
the summary of this invention is Nd-Fe-B. In case an amorphous alloy is 
heat-treated in an inert gas ambient atmosphere or a vacuum and it 
crystallizes, it heat-treats all over the magnetic field beyond 3T, and 
the obtained permanent magnet ingredient is in the manufacture approach 
of the rare earth permanent magnet ingredient which has a magnetic 
anisotropy to the direction of a magnetic field, or its perpendicular 
direction, and the rare earth permanent magnet ingredient which performs 
this heat treatment all over the magnetic field beyond 3T. Moreover, 
this rare earth permanent magnet ingredient has a Nd2Fel4B crystal phase 
and Fe3 B phase, and claim 2 is a rare earth permanent magnet ingredient 
whose particle size of Fe3 B phase is 50nm or less. This rare earth 
permanent magnet ingredient has a Nd2Fel4B crystal phase and Fe phase, 
and claim 3 is a rare earth permanent magnet ingredient whose particle 
size of Fe phase is 50nm or less. 

[0007] Claim 5 is Nd-Fe-B. It sets to the manufacture approach of a rare 
earth permanent magnet ingredient of having the Nd2Fel4B crystal phase 
which heat-treats an amorphous alloy and is obtained, and Nd rich phase, 
and the presentation of an amorphous alloy is Nd. 11 - 15at%, B 2 - 
10at%, the remainder consists of Fe and heat treatment temperature It is 
600 to 800 degree C, and the above-mentioned heat treatment is performed 
all over the magnetic field beyond 3T. Claim 6 is set to the manufacture 
approach of the above-mentioned rare earth permanent magnet ingredient 
of having a Nd2Fel4B crystal phase and Fe3 B phase, and the presentation 
of an amorphous alloy is Nd. 1 - 10at%, B 10 - 25at%, the remainder 
consists of Fe and heat treatment temperature It is 550 to 800 degree C, 
and the above-mentioned heat treatment is performed all over the 
magnetic field beyond 3T. Claim 7 is set to the manufacture approach of 
the above-mentioned rare earth permanent magnet ingredient of having a 
Nd2Fel4B crystal phase and Fe phase, and the presentation of an 
amorphous alloy is Nd. 1 - 10a t%, B 1 - 5at%, the remainder consists of 
Fe and heat treatment temperature It is 550 to 800 degree C, and the 
above-mentioned heat treatment is performed all over the magnetic field 
beyond 3T. Below, this is explained further in full detail. 
[0008] 

[Embodiment of the Invention] Nd-Fe-B used as a raw material A quenching 



thin band is produced: by the melt span method used from the former. 
However, in the perfect amorphous condition, the ingredient obtained at 
this time shall hardly include a crystal. Since these serve as a 
crystalline nucleus in heat treatment of an after process and growth 
advances when the microcrystal and the cluster are included so much, it 
is difficult to carry out orientation by the magnetic field. It is 
necessary to change into the condition that a crystal peak is not 
observed by the X diffraction at least. For that, it is a roll kneader 
rate. What is necessary is just to make it 30 or more m/sec. 
[0009] As for a presentation, it is desirable for B to set [ Nd ] the 
remainder to Fe 2 - 10at% 11 - 15at%. If it separates from these range, 
it will be hard to acquire good magnetic properties, in addition, in 
order to raise magnetic properties further, Y and other rare earth 
elements permute a part of Nd, or A part of Fe Co, nickel, Cu, Zn, Ga, 
germanium, aluminum, Si, Sc, Elements, such as Ti, V, Cr, Mn, Zr, Nb, Mo, 
Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Hf, Ta, W, Re, 0s, Ir, Pt, Au, Hg, 
Tl, Pb, and Bi, may permute. Moreover, a part of B may be permuted by C. 
Although less than [ 5at% ] is [ the amount of permutations of Dy and Tb 
to Nd ] desirable as for less than [ 30at% ] and the amount of 
permutations of other rare earth elements in order to cause lowering of 
saturation magnetization, if there are too many additions at this time, 
Pr may exceed 30at(s)%. As for the amount of permutations to less than 
[ 5at% ] and B, less than [ 10at% ] is [ the amount of permutations to 
Fe ] desirable. 

[0010] Next, by heat-treating in an inert gas ambient atmosphere or a 
vacuum so that it may not oxidize, this amorphous alloy is crystallized 
and Nd2Fel4 B phase is deposited. At this time, Nd rich phase containing 
Nd beyond 50at% forms a grain boundary phase in the perimeter of Nd2Fel4 
B phase thinly. Heat treatment temperature Thing with 600 to 800 
desirable still more desirable degree C It is the range of 650 - 750 **. 
If temperature is lower than this, Nd2Fel4 B phase will not crystallize, 
or an unusual appearance deposits, and it is hard to acquire good 
magnetic properties, and if temperature is higher than this, a crystal 
wi 11 ****** too much and it will be hard to acquire the same good 
property. 

[0011] The greatest main point of this invention is by performing this 
heat treatment all over the strong magnetic field beyond 3T to arrange 
the depositing easy axis of Nd2Fel4 B phase with an one direction, and 
obtain the magnet ingredient of an anisotropy. Usually, induction of the 
magnetic anisotropy of the permanent magnet by heat treatment among a 
magnetic field is deposit mold alloys, such as an alnico magnet, and has 



already been performed. For an alnico magnet, a parent phase alpha is 
ferromagnetic alphal. alpha 2 with small phase and magnetization When 
decomposing into a phase, It is alpha 1 by cooling among a magnetic 
field. It is what makes a phase the long and slender big single domain 
particle of shape anisotropy. As a actual process After performing 
solution treatment at an elevated temperature and considering as single 
phase, in order to suppress gamma phase deposit After quenching to 950 
degrees C, it is between 900 to 700 degrees C. 0. 1~2 degrees C / sec It 
cools in the field beyond 0. 15T with a cooling rate. Ferromagnetic 
alphal It is a magnet using the shape anisotropy of a phase, and it is 
important that decomposition temperature is near the Curie point. On the 
other hand, it sets to this invention and is the Curie point of Nd2Fel4 
B phase. Since it is quite low compared with 312 degrees C and 
crystallization temperature, effectiveness like an alnico magnet is not 
expectable. This phase is paramagnetic material in a crystal nucleation 
phase. However, all over a magnetic field with inclination, the very 
small magnetic susceptibility of this paramagnetic material influences, 
and magnetic force acts by the gradient magnetic field (Institute of 
Electrical Engineers of Japan MAGUNE tex seminar besides Hirota MAG-96- 
214 (1996)). Magnetic force fM which acts to the matter with magnetic 
susceptibility chi It is shown like a bottom type (1). 
fM = (chi-chi 0) -(H/mu 0)- (**H/**X) .... (1) 

It is chi 0 here. The magnetic susceptibility of the perimeter of the 
matter and H are an impression magnetic field concerning the matter, and 
mu 0. Space permeability and **H/**X express the field gradient in the 
matter location. This magnetic force fM If lattice vibration is overcome, 
the crystal orientation of a product nucleus can obtain the ingredient 
with which the set and the easy axis were equal to the one direction. 
Big magnetic force fM Although it is necessary to enlarge field-gradient 
**H/**X for obtaining, it is difficult to control this value directly 
actually. Therefore, the approach of controlling a field gradient is 
simple by changing the maximum impression magnetic field H. as a result 
of experimenting by changing the value of H, in the case of beyond H=3T, 
it began to see and be that this invention persons' inclination of 
orientation is seen in the generated Nd2Fel4 B phase. 
[0012] This invention is applicable also like the nano composite 
material in which a magnetic software phase deposits with Nd2Fel4 B 
phase. Fe3 B phase or Fe phase specifically carries out detailed 
distribution with Nd2Fel4 B phase, and it is the ingredient [ as / whose 
particle size of Fe3 B phase or Fe phase is 50nm or less ]. When 
producing a Nd2Fel4 B/Fe3 B nano composite material, it is desirable for 



B to set an ingredient presentation and for Nd to set the remainder to 
Fe 10 - 25at% 1 - 10at%. There is little Nd compared with the case where 
a software phase does not deposit, and B has increased. Moreover, in the 
case of a Nd2Fel4 B/Fe nano composite material, it is desirable for B to 
set an ingredient presentation and for Nd to set the remainder to Fe 1 - 
5at% 1 - 10at%. Since this presentation has few amounts of B, it needs 
to gather a roll kneader rate further for changing into an amorphous 
condition. In order to raise magnetic properties further also about 
these ingredients, Y and other rare earth elements permute a part of Nd, 
or A part of Fe Co, nickel, Cu, Zn, Ga, germanium, aluminum, Si, Sc, 
Elements, such as Ti, V, Cr, Mn, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, 
Sn, Sb, Hf, Ta, W, Re, 0s, Ir, Pt, Au, Hg, Tl, Pb, and Bi, may permute. 
Moreover, a part of B may be permuted by C. If there are too many 
additions at this time, in order to cause lowering of saturation 
magnetization, as for the amount of permutations, many and less than 
[ 5at% ] are desirable. 

[0013] It is desirable to set a software phase to 50nm or less in a nano 
composite material, in order [ that Nd2Fel4B of a hard phase, Fe3B of a 
software phase, or Fe is good ] to carry out magnetic switched 
connection, therefore, heat treatment temperature 550 to 800 degree C — 
more — desirable — It is good to consider as about 600-700 degrees C. 
In that Nd2Fel4 B phase will not crystallize if temperature is lower 
than this ****, it is Nd2Fe 23B3. Metastable phases, such as NdFel2 B6, 
deposit and it will be hard to acquire good magnetic properties, and if 
temperature is higher than this, a crystal will ****** , and the 
switched connection force will stop working to the whole software phase. 
Moreover, since the diameter of crystal grain changes also with heat 
treatment time amount, it is heat treatment time amount. It is desirable 
to consider as the range of 102-104sec, and to perform a rising-and- 
falling-temperature rate as promptly as possible. By performing these 
heat treatments all over the strong magnetic field beyond H=3T as 
mentioned above, the inclination of orientation can be found out to the 
Nd2Fel4 B phase to generate. 
[0014] 

[Example] Next, although an example is given and this invention is 
explained concretely, this invention is not limited to these. 
(Example 1) Nd, Fe, and B of 99% or more of purity It is 1. 5mm of 
diameters about what carried out weighing capacity by the weighing 
capacity presentation which indicates to a table 1 that each metal 
becomes the total amount of 20g, and carried out homogeneity alloying by 
the arc dissolution. After remelting within a quartz tube with an 



orifice, Ar application of pressure was carried out and it was made to 
spout on the roll made from Cu from the tubing upper part. The roll 
surface peripheral velocity at this time is 47.5 m/sec. It carried out. 
The obtained ingredient checked that it was in an amorphous condition 
with CuKalpha characteristic X ray. Heat treatment among a magnetic 
field was performed using the equipment which combined the tubular 
furnace with the superconduction magnet. Temperature Ta at the time of 
heat treatment among a magnetic field 680 degrees C and impression 
magnetic field Ha It was referred to as 5T. It is a quartz tube 
beforehand all over the tubular furnace with which the magnetic field 
which is held at predetermined temperature and has inclination in a 
furnace further was impressed. The above-mentioned amorphous alloy which 
carried out 200Torr reduced pressure Ar enclosure was injected, and 
after a sample' s reaching this temperature, after holding for 30 more 
minutes, it quenched underwater. When CuKalpha characteristic-X-ray 
diffraction was performed about the obtained sample, the peak of Nd2Fel4 
B phase was observed. Moreover, the ground sample powder was performed 
from paraffin all over 14k0e magnetic field, and magnetic properties 
were measured by hammer hardening and VSM. By the difference in the 
magnitude of the magnetization when carrying out 20k0e magnetic field 
impression, the anisotropy of a sample was judged to parallel and a 
perpendicular direction to the magnetic field when hardening from 
paraffin. Magnitude In of perpendicular direction magnetization 
according to VSM measurement to a table 1 Magnitude Ip of parallel 
magnetization The standardized value In / Ip It is shown. In /Ip It 
expresses that the anisotropy of a value of a sample is so large that it 
is small. 
[0015] 
[A table 1] 
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[0016] (Examples 2-4, examples 1-4 of a comparison) The sample was 
produced by the same approach as an example 1 except having considered 



as the weighing capacity presentation and heat treatment-among magnetic 
field conditions shown in a table 1. A VSM measurement result is written 
together to a table 1. 

[0017] (Examples 5-8, examples 5-8 of a comparison) It considered as the 
weighing capacity presentation and heat treatment-among magnetic field 
conditions shown in a table 2, and the holding time of heat treatment 
among a magnetic field produced the sample by the same approach as an 
example 1, except that the sample considered as for 5 minutes after 
attainment at this temperature. By TEM observation, each sample of 
examples 5-8 has a Fe3B crystal phase with Nd2Fel4 B phase, and it 
checked that Fe3 B-phase particle size was 50nm or less. A VSM 
measurement result is shown in a table 2. 
[0018] 
[A table 2] 



m 


No 
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Ip 


Nd 
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5 
6 
7 
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4. 0 
4. 0 
4. 0 
4. 0 


78. 0 
78. 0 
75. 0 
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1 8. 0 
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18. 0 
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2. 0 
2. 0 


1. 0 
1. 0 


7 1 0 
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1 
0 
1 
0 


0. 97 
0. 97 
0. 96 
0. 97 



[0019] (Examples 9-12, examples 9-12 of a comparison) It considered as 
the weighing capacity presentation and heat treatment-among magnetic 
field conditions shown in a table 3, and the holding time of heat 
treatment among a magnetic field produced the sample by the same 
approach as an example 1, except that the sample considered as for 5 
minutes after attainment at this temperature. By TEM observation, by the 
sample of examples 9-12, Fe phase all deposited with the Nd2Fel4 B phase, 
and it checked that Fe phase particle size was 50nm or less. A VSM 
measurement result is shown in a table 3. In addition, from tables 1-3, 
neither was able to check the anisotropy of a sample in the examples 1- 
12 of a comparison. 
[0020] 
[A table 3] 
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[0021] 

[Effect of the Invention] According to this invention, the rare earth 
permanent magnet ingredient of the anisotropy which arranged the easy 
axis with the one direction can be obtained. 



[Translation done. ] 



